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PREFACE. 


The following experiments were performed in the Physio- 
logical Laboratories of the University of Liverpool, during the 
period extending from October 1911 to June 1912, 


The subject I have chosen for this Thesis was suggested to 
me by Professor Sherrington, I would like to take this 
opportunity to thank him for his kind assistance and valuable 


advice given to me throughout the whole of this research. 
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ARRANGEMENT. 


Introduction and plan of work, 


Anatomy of the abdominal muscles and the sympathetic 
nerves, 


Choice of an anaesthetic. 


Effect of stimulating the central and of the superior 
mesenteric nerve, 


Analysis of abdominal rigidity. 


Afferent nerves involved in this reflex abdominal 
rigidity. 


Effect on blood pressure and on the beat of the heart, 


Afferent nerves involved in the above reflex. 


Effect of stimulating the central end of the intercostal 
nerves, 


Effect of stimulating the visceral and parietal pleurae 
compared, 


Effect of stimulating the central end of the phrenic 
nerves. 


Conclusion. 
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INTRODUCTION. 


Abdominal rigidity is often associated with disease of the 
viscera, especially with appendicitis, gastric or duodenal 
ulcer and disease of the gall bladder. A similar reflex 
rigidity can be produced experimentally by stimulation of 
appropriate nerves, 

Dr. Mackenzie has described the nature of abdominal pain 
ain hyperaesthesia in his book on "Symptoms and their Inter- 
pretation". His suggestion is that the rigidity is also a re- 
flex, Hence the following experiments to be described later 
were carried out. 

The text books on medicine do not sufficiently emphasise 
the presence of rigidity in cases of gastric and duodenal 
ulcer, I can find no mention of rigidity as a sign in these 
diseases in most of the text books I have consulted, 

It has been frequently demonstrated that ulcer of the 
stomach or duodenum has produced pain in the absence of any in- 
flammation of the parietal peritoneum, But it is not so 
generally know that rigidity has been met with in cases where 


the parietal peritoneum was quite normal. 
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The fact that rigidity can be produced by stimulation of 
the central end of a sympathetic nerve is in accord with the 
above clinical manifestations, 

. The rigidity met with clinically in ulcer of the stomach 
or duodenum is confined to the epigastrium and involves the 
recti chiefly. If the ulcer perforates then the rigidity be- 
comes much more marked but in the early stages confined to the 
epigastrium, and during anaesthesia this part is the last to 
relax, 

The rigidity associated with diseases of the gall bladder 
is most marked in the rectus of the same side, but may involve 
all the muscles on the right side, 

It was found that rigidity of the recti and the other 
abdominal muscles could be produced by stimulating the central 
end of the sympathetic nerves which supply the stomach, duode- 
hum, pancreas, and gall bladder, 

The contractions following this stimulation were tetanic 
and lasted as long as the stimulus. 

The recti were divided into segments between their motor 
nerves, The upper segments became more contracted than the 
lower, This contraction was obtained even after both vagi 
were divided in the neck, Hence the vagus does not contain 


the afferent nerves in this reflex, 
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The rigidity met with in diseases of the vermiform appendix 
is also probably a reflex, because stimulation of the nerves 
which supply this portion of the alimentary canal is followed 
by a contraction of the abdominal muscles, 

Rigidity of the abdomen has been present during the life of 
a patient suffering from an ulcer of the stomach, whose parietal 
peritoneum was found to be quite normal at the autopsy.. Simi- 
larly in the case of inflamed appendix or one which was not in- 
flamed, but contained a calculus, rigidity has been exhibited 
although at the operation no involvement of the parietal peri- 
toneum was found, 

Therefore, from the results of necropsies, from the evi- 
dence of operations, and from the fact that a similar rigidity 
can be produced by stimulation of nerves which do not supply 
the parietal peritoneum, it is clear that involvement of this 
portion of the peritoneum is not an essential factor in ab- 
dominal rigidity. 

Rigidity following disease of the pleura is less common 
than that due to disease of the abdominal viscera but not less 
important, 

Cases of pneumonia have presented a rigidity of the abdomen 


which simulated that associated with general peritonitis to 
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such a degree, that a laparotomy has been needlessly performed, 
Apparently the only way this could result is by a reflex con- 
traction of the muscles due to stimulation of the afferent 
nerves of the pleura, 

Experiment supports this view. It was found that when the 
central end of an intercostal nerve was stimulated there result- 
ed a contraction of the abdominal muscles, 

The contraction varied with the particular nerve stimulat- | 
ed, The rigidity from the lower intercostals was more general 
than that from the upper, 

The uppermost intercostals when stimulated caused a reflex 
contraction of the upper segments of the rectus on the same 
side, and a slight contraction of the external and internal 
oblique muscles on this side, There was practically no con- 
traction of the muscles on the opposite side, 

There was a gradual transition from the limited contraction 
produced by stimulation of the uppermost intercostal to the 
general contraction resulting when the lowermost intercostals 
were stimulated, so that the extent to which the rectus was con- 
tracted could be used as an indication to the intercostal nerve 


excited, 
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I think that remembering the relation between the extent 
of the contraction and the intercostal nerve involved may be 
of value in locating the site of the lesion from the rigidity 
when present in disease of the lungs, | 

These experiments demonstrate the reflex nature of abdomina’ 
rigidity met with in some cases of pneumonia. This condition 
is so well recognised that in all cases of abdominal rigidity a 
very careful examination of the lungs should be made before 
submitting the patient to an operation, 

I have noticed rigidity of the rectus in pleurisy, the 
rigidity was confined to the same side, 

As an instance of this rigidity I may quote the case ofa 
patient suffering from phthisis. 

She was under the care of Dr, Bradshaw in the Royal Infirn- 
ary, there was well marked rigidity of the upper portion of the 
rectus on the same side as the cavity. The patient was suffer- 
ing from a severe haemoptysis, under these circumstances the 
danger of making a thorough examination, and the difficultyof 
localising the haemorrhage is well known, But the examination 
of the abdomen in this case revealed the site of the bleeding 
without any of the above disadvantages. 

I suggest that the examination of the abdomen in similar 


cases may be of assistance in determining the region to which 
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counter-irritation should be applied or where a pneumothorax 
should be made to prevent the bleeding. 

When the visceral pleura was stimulated no contraction of 
the abdominal muscles was elicited, but when the parietal pleura 
was similarly stimulated there followed a reflex contraction of 
these muscles varying with the portion stimulated and correspond 
ing to that produced by the excitation of the neighbouring 
intercostal nerve, 

Blood pressure tracings were taken when the central end 
of the superior mesenteric nerve was stimulated. Each stimu- 
lation was associated with a rise in blood pressure, 

A rise in blood pressure is taken by most authorities as 
indicating pain, so a record of it may be taken as a graphic 
representation of pain. 

The rise in blood pressure followed almost immediately on 
the stimulation of the central end of the above nerve. This is 
in accord with the view of Dr. Mackenzie that the pain experi-« 
enced in disease of the abdominal organs is a viscerosensory 
reflex, 

On one occasion a very interesting alteration in the rhythm 


of the heart beat was recorded, the beats became much larger and 
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the frequency became halved. The pulse was diminished from 
240 to 120 per minute, This resembled heart block, both vagi 
were divided in the neck and the phenomenon disappeared. 

I am unable to offer any explanation except that there was 
vagal inhibition. I am not aware that a similar condition has 


been met with clinically in disease of the alimentary canal. 
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PLAN OF WORK. 


obtain reflex abdominal rigidity by stimulating various 
nerves, 


analyse and compare the contractions obtained reflexly. 


note the effect on blood pressure and the heart. 


determine the afferent path in the above rigidity. 
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ANATOMY. (Cat). 
The Abdominal Muscles, 


External oblique: arising from the lower eight ribs and the 
aponeurosis of the lumbar fascia the fibres are directed 
downwards and inwards, 

It is inserted into the brim of the pelvis and the 
linea alba, 
The muscle is superficial to the rectus abdominis, but 


the fascia is closely adherent to that muscle, 


Internal obligue: arising from the ventral aspect of the margin 
of the ilium and the lumbar fascia external to the erector 
spinae muscle, the fibres are directed downwards, forwards 
and inwards, 

It is inserted into the cartilages of the ribs. The 
fascia of this muscle passes ventral to the rectus muscle 
in its posterior half, but dorsal to it in its anterior 


half, 


Transversalis muscle: it arises from the cartilages of the 
ribs behind the diaphragm, the ventral margin of the 
ilium, and from the fascia which invests the ventral 


aspect of the erector spinae muscle, 
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It is separated at its origin from the internal 
oblique by the erector spinae muscle and some fat. The 
nerves are found between this muscle and the internal 
oblique. The fibres are directed vertically downwards and 
are inserted into a fascia which lies dorsal to the rectus 


abdominis muscle throughout its whole extent,” 


Rectus abdominis: the origin is from the symphysis pubis. The 
fibres run forward in contact with their fellows of the | 
Opposite side to be inserted into the third rib and thence 
onwards by an aponeurosis into the second and first ribs. 

The rectus sheath is formed ventrally by the external 
Oblique fascia in the whole of its extent, and in the post- 
erior half by the internal oblique as well. Dorsally it 
is formed from the transversalis fascia in the whole of 
its extent, and in its anterior half by the internal 
oblique also, 

The linea alba separates the recti. There are faint- 
ly marked tendinous transverse intersections dividing the 


recti into segments. 
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The Abdominal Nerves, (Cat). 


Solar plexus: receives branches from the splanchnics, and from 
the vagi. Branches are given off which accompany the 
arteries to the various viscera, 

It is situated in the anterior part of the abdomen ly- 
ing between the supra-renals on each side, The crura of 
the diaphragm forms a posterior relation and the stomach 
an anterior, It is made up of several ganglia, the chief 
one is the semilunar, 

The splanchnics are formed by branches from the lower 
eight thoracic nerves. There are four on each side in 


the cat, 


Hypogastric plexus: receives nerves from the ganglionated cord 
situated in the lumbar region, 
It contains no ganglia. It sends a branch down on 
either side of the middle line to supply the bladder and 
the generative organs. These two branches form the pelvic 


plexus, 
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CHOICE OF AN ANAESTHETIC. 


I used chloroform and ether as a preliminary anaesthetic in 
every experiment. 

In some cases I injected chloralose into the jugular vein 
after the cat was anaesthetised, This anaesthetic was very 
efficient, and did not seem to depress the vital centres to any 
great extent. 

I thought it would be less objectionable if some means 
could be employed to render the animal anaesthetic without 
using any drug which might possibly interfere with the reflexes 
under consideration, 

The result was that most of the experiments were made on 
decerebrated cats, 

Another reason for this method was that fewer assistants 
were required, and there was no fear of an over-dose of chloro- 
form, Respiration sometimes ceased after decerebration but 
artificial ventilation was used, and this was not a disadvantage 
because in many of the experiments the chest was opened, 

The greatest drawback to the method was the difficulty in 
controlling the haemorrhage from the vertebral arteries, I 


lost several preparations due to bleeding from them. 
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EXPERIMENTS. 


Effects on Muscles. 
Ls Reflex originated from afferent nerves of the small 
intestine. 
A. Postganglionic (superior mesenteric), 


B. Preganglionic (splanchnics), 


It. Reflex originated from the stomach, gall-bladder and 


pancreas, 


ati. Reflex originated from the intercostal nerves, 
A. Upper. 


B. Lower, 


Effect _on the Circulation. 
1 Wis Reflex originated from the afferent nerves of the 
small intestine, 


Afferent roots delimited, 
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I.A. EXPERIMENTS. 


Small Intestine. Post-ganglionic. 


(1) A cat was anaesthetised, and the carotid arteries were 
tied, Then a tracheotomy was performed and a cannula intro- 
duced into the trachea and tied in, 

The animal was turned over and an incision was made in the 
middle line of the scalp. The skin was reflected downwards and 
the pericranium and the temporal muscle were dissected off on 
the left side. The skull was trephined and the dura mater ex- 
posed. The dura mater was opened, and a spatula was introduced 
in contact with the tentorium cerebelli which is bony in the 
cat, so that the cerebrum was completely divided from the mid- 
brain, The vertebral arteries were compressed whilst this was 
done and they were held for some time afterwards until all the 
bleeding had ceased, 

The abdomen was opened in the middle line and the muscles 
exposed, The superior mesenteric nerve was obtained as far 
away from the ganglion as possible. The nerve was ligated, 
There resulted a momentary contraction of both sides of the 
abdomen, The nerve was cut on the distal side of the ligature 


and the central end dissected back to the ganglion. 
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The central end was stimulated by a moderately strong 
faradic current. There was produced by this a reflex con- 
traction of both sides of the abdomen, and a reflex blanching 
of the intestines followed by a dilation when the stimulus 


ceased, 


(2) A cat was anaesthetised with chloroform and ether, It 
was decerebrated as before, There was a good deal of intra- 
cranial haemorrhage. When the haemorrhage had stopped the 
ventilation was discontinued. 

The animal was placed on its back and the limbs were fixed 
in symmetrical positions, The skin was incised in the middle 
line and the abdomen opened through the linea alba. The 
opening was made as small as possible, The liver and stomach 
were retracted upwards and the intestines and the solar plexus 
were seen lying between the supra-renals, The nerve which 
comes from this ganglion and accompanies the superior mesenteric 


artery was chosen for dissection, The peritoneum was stripped 


off it and the nerve exposed for about one inch from the gang- 


lion, The nerve itself was not touched during this dissection, 
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A ligature was passed round this nerve and tied. There follow- 


ed this ligation a protrusion of the whiskers and tongue, The 
respirations were altered in rhythm so that there was a pause 
for a few seconds, 

The nerve was cut on the distal side of the ligature and 
the central end dissected bodily back to the ganglion, The 
central end of the nerve was stimulated by a faradic current 
from the secondary coil of an inductoriunm., Hand electrodes 
were used, The secondary coil was placed at ten cm. from the 
primary. The stimuli were thrown in by a key in the secondary 
circuit. 

On stimulating this nerve there was a protraction of the 
whiskers and a contraction of both sides of the abdomen which 
lasted as long as the stimulation, 

The muscular contractions were analysed as follows. The 
external oblique was divided from its attachment to the rectus 
sheath, and the muscle thrown outwards, It was kept warm with 
saline, 

The free edge of the muscle was held by a hook and forceps 
and the nerve stimulated as before, The muscle was seen and 


felt to go into vigorous contraction. 
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The internal oblique was exposed, The lower portion was 
noticed to go into contraction as a result of stimulating this 
nerve, 

It was noticed that the rectus muscle contracted each time 
the nerve was excited, The whiskers were protracted each time 
but the tongue was not protruded as it was when the nerve was 
ligated, 

It was found to be almost impossible to investigate the 
transversalis abdominis because it would necessitate interfer- 
ence with its nerve supply and that of the rectus. 

The rectus was next analysed. It was found that the 
rectus contracted in the whole of its extent when this nerve 
was stimulated. 

The muscle was next divided into three slips by transverse 
incisions, This could be done without invexterine with its 
nerve supply. It was found that each segment contracted sim- 
ultaneously when the above nerve was excited, 
| On placing the fingers against the diaphragm and stimulat- 
ing during expiration no contraction of this muscle was obtained, 

On dissecting the ganglion and the nerve post mortem, it 
was found that the central end of the nerve supplying the major 
portion of the small intestine had been stimulated, The other 


branches of the solar plexus had not been touched, 
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(3) A cat was anaesthetised and then decerebrated as in the 
previous experiment, Decerebrated rigidity was present. 

The abdomen was opened in the middle line and the superior 
mesenteric nerve isolated as before, The nerve was stimulated 
by unipolar electrodes, There resulted a contraction of the 
abdominal muscles on both sides, and there was an occasional 
flexion of the thighs, on the abdomen. 

Whenever this nerve was pulled upon there was a contraction 
of the abdominal muscles, There was a fairly constant descent 
of the diaphragm on stimulating the above nerve, 

The renal nerve was isolated and the central end stimulated. 
On one occasion flexion of the thigh on the same side ensued with 
descent of the diaphragm, but no obvious contraction of the ab- 
dominal muscles resulted. 

Both vagi were divided in the neck, no contraction of the 
abdominal muscles followed this stimulus, 

The central end of the superior mesenteric nerve was again 
excited, but no contraction of the abdominal muscles was noticed, 

When the ganglion itself was stimulated the abdominal 
muscles on both sides became vigorously contracted, 

The probable reason that no contraction followed excitation : 


of the nerve itself was that it had been handled too much, and : 
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the animal was dene ues dissolution. 

It was noticed that as the cutaneous nerves were divided 
when the skin was reflected that the abdominal muscles gave a 
twitch, 
The splanchnic nerves were isolated but the animal was 
practically dead so no effect was produced by stimulating them, 
Due to the drying of the exposed intestines the blood 
became inspissated and led to cardiac failure. 

Because of the above it was proposed to perform the sub- 
sequent experiments on animals in which the intestines had been 
removed, 


The nerves stimulated were verified post mortem, 
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RESULTS OF FOREGOING EXPERIMENTS. 


The fact that ligature of the superior mesenteric nerve 
results in a contraction of the abdominal muscles, clearly 
demonstrates that an afferent sympathetic nerve when stimulated 
may result in producing a contraction of muscles innervated by 
cerebro-spinal nerves, 

When it is remembered that the superior mesenteric nerve 
supplies practically the whole of the small intestine, the re- 
action also explains how disease of the abdominal viscera which 
involves no nerves supplying the parietal peritoneum may exhibit 
abdominal rigidity. 

Stimulation of this nerve produces a bilateral contraction 
of the abdominal muscles which involves all the muscles toa 
greater or less extent, and it is seen that in the rectus each 
segment contracts independently of the other, 

The reaction of the diaphragm varied in different experi- 
ments, and even in the same experiment, this was probably due 
to the stimulus occurring sometimes during expiration and at 
other times during inspiration. 

No contraction was caused by the stimulus of dividing the 


vagi. On the other hand stimulation of the semilunar ganglion 
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I.B. SMALL INTESTINE. 


Proganglionic. 


(4) A cat was anaesthetised, decerebrated; marked decerebrated 
rigidity ensued. 

The abdomen was opened and the superior mesenteric nerve 
isolated and ligated as before, and the central end stimulated, 

A tetanic contraction of the abdominal muscles producing 
a board-like rigidity ensued. 

On isolating the splanchnic nerves on the right side a 
convulsive movement of the whole animal, with opening of the 
jaws and contraction of the abdominal muscles ensued, This 
reaction resulted whenever the splanchnics on either side were 
touched, re 

When the central end of the splanchnics was electrically 
stimulated the opening of the jaws was well marked, but the 
convulsive movement was not set up, 

The splanchnics when stimulated produced contraction of 
the abdominal muscles on the same side with a doubtful contract- 
ion of the muscles of the opposite side, artificial ventilation 
was now used, The intestines were removed, 

The two main splanchnics on either side of the abdomen 


were divided, 


ereosh betian ;beteudetéoeh joettodtacsne cow? 


ex oftetaseem tolteque exit bas beneqotesw cr G8 Of 
fumite boo L[attnes edt Sra ,eroted @s6 detagit | as : es 
subotq seloeum Lanimohdsa ent to neolveeitaH09. ©. 

ovement : 
ebie tdgit edt no sevtem oladonsiqs edt pati, p 
¢ to aniaeqo diiw ,lesttas glodw ent Fo sero vit 
nt .bDevene eeloeum Ientmobds eit te aolto 00 t 
. ehbie redtle nae eoindtonelee edt tevenedw bert 


sointools esw soindodseiqe eit to bae fsutneo ash a W. 
at tod ,beieasm Liew ssw ewet eds to palisego od ct 
; 9 tea fom ase taetevom « 
) noltosttnes beouboug, be sivaite nedw ao tatior 
noo futtdvob 2 diiw eble emse ent m0 sticond 
sLitaev Lsloititis bie ter ent To coroeum « 


23 


The superior nerve was again stimulated, no reflex con- 
traction of the abdominal muscles followed, 


The nerves were verified post mortem, 


(5) A cat was anaesthetised with chloroform and ether and 50 
ec, of chloralose injected into the right external jugular vein, 
The abdomen was opened and the splanchnics on the left 
side exposed in the region of the ganglion. They were four in 
number, The upper one was much the largest, This was isolat- 
ed, ligated and divided, and the central end stimulated. There 
followed a reflex tetanic contraction of both sides of the abdo- 

men, the lower jaw was opened and the tongue protruded, 

The splanchnic immediately below this was isolated, ligated 
and divided. The central was stimulated, as in the above case 
the muscles on both sides contracted and the jaw was opened. 

The other nerves on this were destroyed in the further 
dissection, so no results were obtained from them, 

The splanchnics on the right side were now isolated. They 
were four in number, the uppermost was the largest as on the 


left side. 
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The central end of the uppermost was stimulated as on the 
left side, The muscles on both sides of the abdomen contract- 
ed and the jaw was opened, 

Each of the four nerves were similarly isolated and indi- 
vidually stimulated, The muscles on both sides contracted 
and the jaw opened in each case, 

The superior mesenteric nerve was isolated, ligated and 
divided. The central end was stimulated, no contraction of 
the abdominal muscles resulted, 


The nerves stimulated and divided were confirmed post 


mortem, 


RESULTS. 


The afferent path of this reflex is contained within the 
splanchnics on both sides, 

Each splanchnic contains fibres which when stimulated, 
produce a reflex contraction in both the homolateral and contra 
lateral muscles of the abdomen, whether the splanchnic stimu- 


lated be left or right. 
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Since the vagi were left intact in these experiments and 
yet no contraction resulted when the superior mesenteric nerve 
was stimulated after all the splanchnics were divided, it 
follows that no afferent fibres are contained in vagi nerves, 


a conclusion which confirms the results of the first experiments, 
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PART II. STOMACH, PANCREAS, ETC. 


(13) <A cat was chloroformed and kept under this anaesthetic 
throughout the whole experiment. 

Abdomen was opened and the muscles exposed, The nerve to 
the gall-bladder was isolated and divided and the central end 
stimulated, Very slight contraction of the abdominal muscles : 
observed, 

The nerve to the spleen was dissected and the central end 
stimulated: very slight contraction of the homolateral abdomi- 
nal muscles resulted, 

The nerve to the liver and stomach was ligated and divided, 
The central end of this nerve was stimulated, marked contraction 
of the muscles on the same side, but only slight contraction of | 
the contralateral muscles, 

The external oblique was isolated and the nerve again 
stimulated, marked contraction of this muscle resulted, 

The rectus was divided into segments, and the above nerve 
again stimulated, each segment contracted but the reaction was 
very slight in the last segment. 


The internal oblique contracted each time, 
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The superior mesenteric nerve was isolated and the central 


end stimulated, contraction of the abdominal muscles on both 


sides ensued, 


The nerves were verified post mortem, 


(14) A cat was anaesthetised, decerebrated, rigidity slow in 
onset, 

The abdomen was opened and the nerve which supplied the 
liver and stomach was isolated and ligated. Ligation was follov- 
ed by a contraction of the muscles on both sides of the abdomen, 

The central end of the above nerves was stimulated, a 
tetanic contraction of both sides of the abdomen resulted, 

It was observed that the external oblique and each segment 
of the rectus contracted.. The current used was very weak, 

alteration 

No contraction in the rhythm of the diaphragm was noted, 
The contractions of the abdominal muscles were about equal on 
both sides, 

The vagi were divided in the neck and the nerve again 


stimulated, the same contractions followed as before; no differ- 


ence was observed, 
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The superior mesenteric nerve was isolated and the central 
end stimulated, a contraction of both sides of the abdomen 
resulted. 

The fact that ligation of the first nerve was followed by 
contraction of the abdominal muscles excluded escape of current, 
and moreover the strength of current used was very weak. 

It was found at the post mortem that the first nerves 


stimulated supplied the stomach, duodenum, pancreas and liver. 


RESULTS. 


A reflex rigidity of the abdominal muscles is obtained by 
stimulation of the nerves which supply the liver, stomach and 
pancreas, 

The vagi take no part in this reflex; this is remarkable 
since reflex vomiting can be produced by stimulation of the vagi, 

The above reflex explains the nature of abdominal rigidity 
which is met with in gastric and duodenal ulcer, 

The splenic nerve caused slight rigidity. 


The renal nerves apparently are not responsible for 


abdominal rigidity. 
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PART III. INTERCOSTALS. 


(8) A cat was anaesthetised with chloroform and ether and then 
decerebrated, Artificial ventilation was used. The decere- 
brate rigidity was well marked. 

The abdominal muscles were exposed, and the eleventh inter- 
costal nerve isolated, | 

As the nerve was ligated a contraction of the abdominal | 
muscles followed, The nerve was divided on the distal side of 
the ligature, and the central end dissected backwards, 

When this nerve was stimulated a contraction of the abdomi- 
nal muscles on both sides, but apparently more marked on the 
same side, resulted, 

The parietal peritoneum was next stimulated by a faradic 
current, Both sides of the abdomen went into vigorous contract- 
ion, but when the liver and intestines were similarly excited no 
contraction resulted, This shows that the contraction was not 
due to escape of current. 

The parietal pleura was next stimulated, there followed a 
contraction of the abdominal muscles most marked on the same 
side as the nerve stimulated, 

Even when the whole of the attachment of the abdominal 


muscles was cut from the ribs, and consequently the nerve supply 
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to all the muscles except the lowermost portion of the rectus 
was destroyed, a contraction of this latter portion followed 
stimulation of the parietal pleura, 

But when the visceral pleura was stimulated no contraction 
followed. This shows that the above reactions were reflex in 


character and not due to escape of current. 


(9) A cat was anaesthetised with chloroform and ether, then de- 
cerebrated, Artificial ventilation was used, Decerebrate 
rigidity was well marked, 

All the intercostal nerves were isolated on the right side 
and divided from their peripheral ends, 

On stimulating the central end of the lower intercostal 
nerves there followed a general contraction of the abdominal 
muscles slightly more marked in the homolateral muscles, 

As the nerves stimulated approached the head end of the 
preparation the contraction following the excitation of their 
central ends became more limited to the homolateral muscles, 

A contraction was obtained from the lowest intercostal to 
the second inclusive. But the stimulation of the central end 
of the first did not produce any contraction in the abdominal 


muscles, 
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The parietal pleura was dissected out on the left side, 
There followed stimulation of it, contraction of the abdominal 
muscles most marked on the same side. 

Stimulation of the pleura in the first intercostal space 
produced no abdominal contraction, and stimulation of that in 
the second very slight contraction, confined to the same side, 

All the lower spaces gave a contraction corresponding with 
the contraction obtained from the nerve on the opposite side. 

The phrenic nerve on the right side was isolated, ligated 
and divided on the distal of the ligature. The central end 
was stimulated, practically no contraction of the abdominal 
muscles resulted, although when the intercostals were stimulated 
there was a vigorous contraction, 


The left phrenic was similarly treated with the same result, 


(10) A cat was anaesthetised, artificial ventilation used, 
Onset of decerebrate rigidity slow. 
The abdominal muscles were exposed by dividing the linea 


alba in the whole of its extent. 
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The seventh intercostal was isolated on the right side, and 
ligated, Ligation was followed by a contraction of the abdomi- 
nal muscles on the same side, 

The central end of the above nerve was stimulated by a 
faradic current, There resulted a contraction of the homo- 
lateral abdominal muscles, and a slight contraction of the con- 
tralateral muscles, 

The external oblique was separated from its attachment to 
the anterior sheath of the rectus, and the nerve again stimulat- 
ed, This muscle was seen to go into vigorous contraction, 

The rectus was next divided into three segments, it was 
found that due to stimulation of this same nerve the upper seg- 
ment of the above muscle became contracted, but the middle and 
lower segments did not contract, 

The intercostal nerve two spaces lower down was isolated, 
ligated and divided, and the central end of this nerve was stimu- 
lated, When the central end of the above nerve was stimulated 
there resulted a contraction of all the segments of the rectus, 

The rectus on the opposite side was now observed, It was 
found that each segment contracted when the lower of the two 


intercostal nerves was stimulated, 
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The external oblique was isolated on this side as had been 
previously done on the opposite side, It was found that this 
muscle contracted when the above nerves were stimulated, 

The contractions of the contralateral muscles were much 
less marked than of the homolateral muscles, 

The diaphragm was next investigated, The cupola of the 
diaphragm was separated from its costal attachment on the right 
side, and the central ends of the above intercostal nerves 
Siimule ted, there was apparently a contraction of this muscle, 


but it seemed to vary with the period of respiration. 


(11) A cat was anaesthetised with chloroform and ether. De- 
cerebrated. Rigidity well marked, 

The lower three intercostal nerves on the right side were 
isolated and their central ends stimulated as before, 

The right half of the diaphragm was freed from its costal 
attachment, but the phrenic nerve left intact. On stimulating 
these nerves no contraction of the right half of the diaphragm 
resulted, 

The phrenic nerve on the right side was isolated and divi- 
ded. The lower end was stimulated by a very weak current, a 


marked contraction of the diaphragm followed, 
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The central end of the latter nerve was stimulated by a 
weak current, no contraction of the abdominal muscles ensued, 
but when a strong current was used there was a definite contract- 
ion of the above muscles, 

The renal nerve on the left side was isolated and the 
central end stimulated. No contraction of the abdominal or 


other muscles followed, 


(12) A cat was anaesthetised and then decerebrated, rigidity 
well marked. Artificial ventilation used. 
The intercostal nerves of the eleventh and twelfth spaces 


on the right side were isolated and divided and their proximal 


ends dissected back towards the vertebral column. 
The attachment of the left half of the diaphragm was divided 
from the ribs, but its nerve supply was not interfered with. 
The central endsof the above nerves were stimulated by 
means of hand electrodes. No effect was produced in the left 
half of the diaphragm, The strength of the current was in- 


creased but no effect was observed. 
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The right half of the diaphragm was now isolated as on the 
left side, and the nerves again stimulated. A very feeble 
contraction of this portion of the muscle resulted, 


The contraction was not so marked as in previous experi- 


ments, 
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RESULTS. 


Reflex abdominal rigidity follows stimulation of most of 


the intercostal nerves, 


The rigidity is produced in the homolateral muscles from 
the upper intercostals, but in both homolateral and contra- 


lateral when the lower intercostals are stimulated, 


The effect on the diaphragm seems to be limited to the 


portion of it on the side of the intercostals stimulated, 


This reflex explains how abdominal rigidity may be produced 


in cases of pneumonia and pleurisy. 


The visceral pleura resembles the visceral peritoneun, 
Since electrical stimulation of it does not evoke any contract- 
ion in the abdominal muscles, But the parietal pleura is com- , 
parable to the parietal veritoneum, because when stimulated 


reflex abdominal rigidity follows, 


The phrenic nerves contain very few afferent nerves pro- 


ducing abdominal rigidity. 
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PART IV. EFFECT ON THE CIRCULATION. 


(16) A cat was anaesthetised with chloroform and ether and 50 
cc. of chloroform injected into the right external jugular vein, 

The superior mesenteric nerve was isolated and a ligature 
tied round it as far from the ganglion as possible, The nerve 
was cut through on the distal side of the ligature and the . 
proximal end dissected back to the ganglion. 

The abdomen was now closed, A cannula was inserted into 
the left carotid artery. The cannula was connected with a 
recording manometer fitted with a time marker and a signal. 

The abdomen was opened again and the central end of the 
superior mesenteric nerve stimulated. 

When the secondary coil was at 12 cm. from the primary, 
there was a slight rise in blood pressure, 

As the secondary coil was brought to 10 ecm, the rise in 
blood pressure became much more marked, and at 9 cm. the rise 
was considerable. 

More chloroform was administered, and the nerve again 
stimulated; as a consequence there was a rise in blood pressure 
but the rate of pulsation was diminished to one half the usual 


number, and the amplitude increased about three times, 
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The alteration in rhythm ended abruptly but outlasted the 
stimulus for a considerable time, 

The alteration resembled heart block, The result was 
obtained many times, but the administration of chloroform was 
apparently necessary for its production, The abdominal muscles 
contracted as on the previous occasions, 


During a period of apparent heart block produced by the 


stimulation of the above nerve, the vagiwere divided in the neck, 


The period of inhibition was much shortened, 

Throughout these stimulations the respirations were 
quickened, 

The post mortem confirmed the nerves involved in this 


experiment. 


(17) A cat was anaesthetised with chloroform and ether, The 
carotid arteries were tied high up in the neck, A tracheal 
cannula was inserted because artificial respiration was 
necessary, 

The cat was decerebrated, and the superior mesenteric nerve 
isolated as in former cases, The abdomen was closed and the 
animal turned on its belly. Curare was injected into the 


internal saphenous veins. 
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The laminae were now removed exposing the spinal cord from 
the fourth post thoracic vertebra to the sixth dorsal vertebra. 

All the posterior roots exposed on the left side were 
divided extra-thecally,. 

A cannula was inserted into the right carotid artery and 
connected with a recording manometer, The animal was turned on 
its left side, | 

The previously —" superior mesenteric nerve was stimu- | 
lated by hand electrodes, the secondary coil being about 10 cm. 
from the primary. A marked rise in blood pressure resulted, 

The lowest nerve was divided on the right side of the spinal | 
cord, and the superior mesenteric nerve again stimulated. The 
rise in blood pressure was just as high as on the first occasion, 

The nerve next above the last divided was cut, and the cen- 
tral end of the superior mesenteric nerve again excited, The 
resulting rise im blood pressure was not so marked as in the 
previous cases, although the arterial pressure was just as great 
as in the beginning of the experiment, 

After each succeeding nerve was severed the superior mesen- 
teric nerve was stimulated. There was a diminished rise in blood 
pressure after each nerve was cut and finally no response at on 
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The arterial pressure had by this time fallen slightly so 
the animal was allowed to recover, and the nerve again stimu- 
lated, No rise in blood pressure was recorded. 

The nerves divided were ascertained post mortem. They were 


the 15th thoracic, 12th thoracic, llth thoracic and 10th thoracic, 


(18) A cat was etaed tho stedd with chloroform and ether, The 
cat was then decerebrated, The abdomen was opened in the middle 
line, and the superior mesenteric nerve isolated and ligated as 
far from the ganglion as possible. The nerve was divided 
distal to the ligature, and the proximal end dissected back to 
the ganglion, The abdomen was now closed. 

The spinal cord was now exposed from the mid-dorsal region 
to the lower lumbar region. A ligature was passed under the 
9th, Oth, llth, 12th and 13th thoracic roots, and the lst and 
2nd post thoracic roots on the left side. 

The proximal end of the superior mesenteric nerve was now 
stimulated by hand electrodes connected with the secondary 
circuit of an induction coil, The abdominal muscles contract- 


ed as on previous experiments. 
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The whole of the small intestine was now resected, because 
it interfered with the stimulation of the superior mesenteric 
nerve, and on previous occasions has led to inspissation of the 
blood, Before the ligature was tied round the mesentery the 
blood in the small intestines was massaged into the general 
circulation, 

The dura was opened at the level of the 9th and 10th dorsal 
nerves, The eeceei gr root of the 9th nerve was divided inside 
the dura on each side, The superior mesenteric was again 
stimulated, a contraction of the abdominal muscles followed al- 
most to the same extent as on the first occasion, 

The 10th thoracic posterior roots were divided inside the 
dura on both sides, The superior mesenteric nerve was again 
stimulated, The abdominal muscles contracted, but only the 
posterior two thirds. 

The llth thoracic posterior roots were divided extrathe- 
cally on each side, and the superior mesenteric nerve stimulat- 
ed, The abdominal muscles contracted to much the same extent 
as on the previous occasion, 

The 12th thoracic posterior roots were divided extrathe- 
cally. The superior mesenteric nerve was again stimulated. 


The resulting contraction of the abdominal muscles was more 
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limited to the hinder part of the muscles than on previous 
occasions. 

The 15th thoracic posterior roots were divided extrathe- 
cally, and the superior mesenteric nerve stimulated. A con- 
traction of the abdominal muscles was produced, 

The lst post thoracic posterior roots were divided outside 
the dura mater on each side, The superior mesenteric nerve 
was stimulated, Only the merest flicker of a contraction 
apparently resulted, a marked difference from the effect pro- 
duced on the previous occasion, 

The muscle was directly stimulated, and found to contract 
readily. The external popliteal nerve was exposed and liga- 
ted and cut. The central end was stimulated, a reflex was 
easily obtained, 

| Post mortem examination confirmed the posterior roots 
divided, The anterior roots in each and every case were intact, 


The nerve stimulated was the superior mesenteric. 
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DESCRIPTION OF BLOOD PRESSURE TRACINGS. 


Experiment 16. 
Number 1. Rise in blood-pressure following stimulation of 


the proximal end of the superior mesenteric nerve. The second- 


ary coil was at 12 om. from the primary. 


Number 2. Rise in blood-pressure produced by stimulating 
the proximal end of the superior mesenteric nerve, The second- 


ary coil was at 10 cm. in A, and at 9 om. in B, 


Number 3. "Heart Block" following stimulation of the 
central end of the superior mesenteric nerve, Beats before 
stimulation 240 per min. after 120 per min, Duration of 
brachyeardia 44 secs, Stimulus 9 cm, Amplitude dur ing 


brachycardia 3 times greater than normal. 


Number 4, Idem. Duration 61 sec, Amplitude 3 times 


Stimulus 6 sec. Beats 240, and 120 per min, 


Number 5, Shortening of the period of brachycardia due to 
Givision of the vagi. The right vagus was divided at A, and the 


left vagus at B. Duration after section of both vagi 7 sec, 
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BLOOD PRESSURE TRACINGS. 


Experiment 17. 
Number 1. Rise in blood-pressure due to stimulation of 


the proximal end of the superior mesenteric nerve after division 
of the 9th, 10th, llth, 12th and 15th thoracic roots on the left 
side, 


Number 2, Rise in blood-pressure after division of the 


right 13th thoracic root, 


Number 3, Rise in blood-pressure after division of the 


12th thoracic root, 


Number 4, Rise in blood-pressure after division of the 


llth thoracic root. 


Number 5, Reflex abolished after severance of the 10th 


thoracic root. 
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RESULTS. 


Reflex rise in blood pressure always accompanies the reflex 
abdominal rigidity, so one may assume that the afferent path is 
the same in both, 


The stimulation of the superior mesenteric nerve is painful 
because opening of the jaws and protraction of the whiskers as 


well as a rise in blood pressure, is produced. 


The stronger the stimulus the greater the rise in blood 


pressure, 


In one case "heart block" was produced, Section of the 
vagi during this phenomenon shortened it to about a quarter of 


its previous duration, 


The 10th thoracic root is the uppermost afferent path in 
this reflex, rise in blood pressure arising from the superior 


mesenteric nerve. 


The lst post thoracic posterior root is the lowest afferent - 
nerve involved in the reflex rigidity of the abdominal muscles 


produced by stimulation of the superior mesenteric nerve, 
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SUMMARY OF CONCLUSIONS. 


Stimulation of a nerve containing sympathetic fibres is 
capable of producing a contraction in muscles innervated by 


cerebro-spinal nerves, 


In the splanchnics are the afferent paths for the reflex 
rigidity produced by stimulation of the superior mesenteric 


gland.nerve. 


The posterior roots concerned in the above reflex are the 


10th, llth, 12th and 13th dorsal and the lst post thoracic. 


A rigidity of the abdominal muscles can be produced by 


stimulation of the proximal end of the intercostal nerves. 


Stimulation of the sympathetic nerves supplying the 
stomach, gall-bladder and pancreas, results in a reflex 
contraction of the abdominal muscles, The vagi do not 


contain the afferent path of this reflex, 
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